The collective interactions of many partons in the first stage of the collisions is the usual accepted explanation of the sizable elliptical flow. The clustering of color sources provides a natural framework of partonic interactions. In this scheme, we show a reasonable agreement with RHIC data in both the dependence of v 2 on transverse momentum and in the shape of the nuclear modified factor on the azimuthal angle for different centralities. We show the predictions at LHC energies for Pb-Pb. In the case of proton-proton collisions a sizable v 2 is obtained at this energy.
Introduction
A major breakthrough was the discovery by RHIC experiments of a large elliptic flow v 2 [1] [2] [3] . A non vanishing anisotropic flow exist only if the particles measured in the final state depend not only on the physical conditions realized locally at their production point, but if particle production does also depend on the global event geometry. In a relativistic local theory, this non local information can only emerge as a collective effect, requiring interactions between the relevant degrees of freedom, localized at different points of the collision region. In this sense, anisotropic flow is a particularly unambiguous and strong manifestation of collective dynamics in heavy ion collisions [4] .
The large elliptic flow v 2 can be qualitatively understood as follows: In a collision at high energy, the spectators are fast enough to free the way, leaving behind at mid-rapidity an almond shaped azimuthally asymmetric region of QCD matter. This spatial asymmetry implies unequal pressure gradients in the transverse plane, with a larger density gradient in the reaction plane (in-plane) perpendicular to it. As a consequence of the subsequent multiple interactions between degrees of freedom, this spatial asymmetry leads to an anisotropy in momentum space; the final particle transverse momentum are more likely to be in-plane than out-plane, hence v 2 > 0 as it was predicted [5] .
The experimental results show that the elliptical flow first increases with p T and then levels off around p T ∼ 2 GeV. Also, the p T -dependent v 2 of identified hadrons shows mass ordering at small p T and displays a constituentquark counting rule. On the other hand v 2 normalized to the eccentricity scales on the density of produced charged particles to the overlapping area of the collision.
To understand these experimental results, many theoretical approaches have been used. These include hydrodynamics models [6] , transport models [7] , and hybrid models which combine both hydrodynamic and transport models [8] . Hydrodynamics models usually give the largest elliptical flow.
In transport models, including the parton cascade [9] , a sizable v 2 is obtained only if a very large parton cross section is used. On the other hand, transport or hybrid models based on string degrees of freedom in general give a smaller elliptic flow than the observed at RHIC [10] .
The inclusion of interaction among strings via string fusion as in the AMPT model [11] , in dual parton model [12] in the quark gluon string model [13] or in Reggeon theory [14] yield a large elliptic flow. In this paper, we would like to study this point further, using percolation of strings. In this model, it is naturally introduced the interaction between many degrees of freedom. In fact the overlapping of the strings forming color clusters, can be seen as an interaction among the partons of the projectile and target, from which the strings are stretched. As far as in proton-proton collisions at LHC energies a high number of strings are stretched between the partons of both protons, similar effects to those seen by RHIC experiments can be expected. In this framework, we will compute the elliptic flow in proton-proton collisions at LHC comparing with the Pb-Pb predictions.
The plan of the paper is as follows. In the next section, we do a brief introduction of the model. In section 3 the elliptical flow is computed using the model, whereas in section 4 we compare our results with RHIC experimental data and show our predictions at LHC for both pp and AA collisions.
The string percolation model
In the string percolation model [15] [16], multiparticle production is described in terms of color strings stretched between the partons of the projectile and the target. These strings decay into new ones byon−qq pair production and subsequently hadronize to produce new hadrons [17] . Due to the confinement, the color of these strings is confined to small area in transverse space S 1 = πr 2 0 with ro ⋍ 0.2−0.3 fm. With increasing energy and/or atomic number of the colliding particles, the number of strings, N s , grows and they start to overlap forming clusters, very much like disks in two dimensional percolation theory.
At a certain critical density, a macroscopical cluster appears, which marks the percolation phase transition. This density corresponds to the value η = 1.2 − 1.5, where η = N s S 1 /S A and S A stands for the overlapping area of the colliding objects. A cluster of n strings behaves as a single string with the energy-momentum corresponding to the sum of the individual ones and with a higher color field corresponding to the vectorial sum in color space of the color fields of the individual strings. In this way, the mean multiplicity < µ n > and the mean transverse momentum squared < p 2 T n > of the particles produced by a cluster are given by
where < µ 1 > and < p T 1 > are the corresponding quantities in a single string.
In the limit of high density of strings, equations (1) transforms into [18] .
with
If we are interested in a specific kind of particle i, we will use: < µ 1 > i , < p 2 T 1 > i , < µ n > i , and < p 2 T n > i for the corresponding quantities. The transverse momentum distributions can be written as a superposition of the transverse momentum distributions of each cluster, g(x, p T ), weighted with the distribution of the different tensions of the clusters, i.e, the distribution of the size of the clusters, W (x) [19] [20] . We assume g(x, p T ) = exp(−p 2 T x), i.e. the fragmentation of the cluster is according to the Schwinger shape. For the weight function, we assume the Gamma distribution
, k is proportional to the inverse of the width of the distribution on x and depends on η.
Therefore the transverse momentum distribution f (p T , y) is: dN dp
The equation (3) is valid for all densities and types of collision. At low densities η, there is not overlap between strings and, therefore there are no fluctuations on the cluster size, all the densities have only one string and k tends to infinite. At very high density η, there is only one cluster formed by all the produced strings. Again, there are no fluctuations, k tends to infinity and the p T distribution recovers the exponential shape. In between these two limits, k has a minimum for intermediate densities corresponding to the maximum of the cluster size fluctuations.
The quantitative dependence of k on η was obtained from the comparison of equation (3) with RHIC AA data at different centralities. The peripheral Au-Au collisions at RHIC correspond to η values slightly above the minimum of k.
The equations (2) and (3) must be slightly modified in the case of baryons to take into account the differences between mesons and baryons in the fragmentation of a cluster of strings due to both the higher color and to the higher possibilities of flavour recombination [20] . Due to this, equation (2) becomes for (anti)baryons
Where α = 0.09 and µ 1B ∼ 0.033µ 1π . This means that η must be replaced by ηB = N α s η. The values of η are computed using for N s the values obtained for the quark gluon string model [21] , whose values are similar to the obtained using the dual parton model [22] , or Venus model [23] . Essentially they are the number of collisions times the number of strings per collision. This last number is twice the number of pomerons exchanged in pp collisions at a given energy.
We do not claim to describe all the data including high p T . It is well known that jet quenching is the mechanism responsible for the high p T suppression. This phenomenon is not included in our formula (3), which was obtained assuming a single exponential for the decay of a cluster, without a power like tail. Our formula must be considered as a way to interpolate and to join smoothly the low and moderate p T region with the high p T region. Indeed, the high p T suppression implies by continuity a suppression of the highest p T values of the intermediate region which are described by formula (3).
The equations (3) and (4) give a good description of the experimental RHIC data on transverse momentum distributions for mesons and baryons up to p T ≈ 5 GeV/c. In particular they describe rightly the Cronin effect and the suppression of moderate p T particles.
The equation (3) has been used to predict the p T distributions at LHC not only for Pb-Pb collisions but for pp collisions. In particular, the high multiplicity events produced in pp collisions, compared with minimum bias events, show a suppression of p T above p T ≈ 2GeV [24] .
Elliptic Flow.
The azimuthal asymmetry has the origin in the deviation from the circle of the impact parameter projected overlap region of interaction in non central (b > 0) collisions. If one sums over all angles ϕ, the projected ellipsoid, with a ϕ dependent radius R ϕ , is equivalent to a projected circle with radius R, in general smaller than the radius R A of the colliding nuclei on hadrons (see Fig.(1) ) R and R ϕ are functions of the impact parameter b and of R A , and
In saturation initial state models as the color Glass Condensate [25] [26] or the Percolation string model [15] [16] color sources emit particles radially. For integrated ellipsoid with R ϕ to be equivalent to the circle of radius R, the number of sources and the respective areas must be the same. In other words: The circle of radius R being equivalent to the, azimuthally integrated, ellipsoid of ϕ dependent radius R ϕ means
and
As the number of color sources is the same in the interior of the circle and of the ellipsoid and as at ϕ ≈ 0, the source density is larger, one expects higher < p 2 T > and larger particle numbers for production in the reaction plane, ϕ = 0 [27] [28] . We will evaluate azimuthal distributions as perturbations around the average, isotropic distribution. Let us write; dn dy dp
and dn dy dp
The dependence on R φ in equation (7) comes from the change η → ηR 2 /R 2 φ in equation (3) . The expansion of the azimuthal distribution around the average distribution takes the form:
6 Note that (9) , because of (6), satisfies the condition
As a decrease in R 2 corresponds to an increase in source density and an increase in particle production one expects, in (9),
With the consequence, see (9) , that production is maximal for ϕ ≃ 0. Note that the second term in the right hand side of (9) changes sign at R 2 ϕ = R 2 . We shall next write expressions for relevant quantities as modification factors and v 2 . With the usual definition for R AA (p 2 t ), we define
Note that (9), using (3), becomes
From the equations (12), (13), (14) we can compute our main observables to compare with the experimental data. The approximation done is valid when the second term in (14) is small, what means not hight p T . Notice that due to the location in impact parameter space of the strings that form clusters there is an initial spatial azimuthal asymmetry which is translated into transverse momentum due to interactions of strings included in the formula for the p T distribution via the factor F (η). The strength of the interaction depends locally on the string density and therefore is the origin of the azimuthal asymmetry. 
Results and Discussion
In Fig. (2) we show our results for minimum bias Au+Au collisions for pions, kaons and antiprotons, compared with the experimental data. A reasonable agreement is obtained for p t ≤ 1.5 GeV/c, reproducing the mass ordering. This is the range where our approximation is valid. For larger p T our results are smaller than the experimental data, and there will be need of higher terms on R φ − R.
The normalized values used in calculations are the same used in [24] , < p We are able to reproduce the shape for all centralities although our results are slightly below the experimental data for low angles.
In Fig. (7) we plot v2 ε being ε the participant eccentricity [31] as a function of the ratio results we show the experimental data at AGS, SPS and RHIC energies for different type of collisions. We obtain a good agreement.
In Fig. (8) we plot v 2 /n q as a function of the kinetic energy over the number of constituents quarks of the observed particle. We present our results for pions, kaons and antiprotons together with experimental data [32] . A similar scaling was predicted by recombination models [33] [34] . In percolation of strings the recombination is incorporated in a natural and dynamical way. In fact in the percolation of a clustering of strings, there is an enhancement of heavier particles due to a higher tension, but in addition to this mass effect there is a flavoring effect related to the number of strings of the cluster. The higher string number of the cluster, the larger probability to combine the flavour of strings to obtain baryons [35] [36] . However this fact it is only incorporated in our evaluations in an approximate way to keep close analytical formulae. Probably this is the reason of obtaining only an approximate scaling for KET /nq < 0.5 GeV, corresponding to pT < 1.0, 1.3, 1.5 GeV/c for pions, kaons and antiprotons respectively, which is in the range where our approximation works.
In Figs. (9) , (10), (11) we present our results on v 2 at LHC for pions, kaons and antiprotons compared with our results for RHIC energies. It is seen a larger v 2 for pions at LHC for all p T values. However, kaons and antiprotons with p T < 1 GeV/c have smaller v 2 at LHC energies.
In Fig. (12) we show our prediction for v 2 for pp collisions at √ s = 14
TeV for pions and kaons. A sizable elliptic flow is predicted. Nevertheless, this v 2 will not be easy to measure due to the relative low multiplicities (60-80 charged particles) giving rise to large eccentricity fluctuations.
In any case, a sizable elliptic flow is not surprising, given the high density partonic structure of the initial state. In fact, such a high density partonic structure obtained in pp collisions at LHC it is similar to the high density partonic structure obtained at central Pb-Pb collisions at energies between SPS and RHIC, hence, the same effects observed in heavy ion at RHIC are expected, namely the suppression of moderate and high p T particles, rapidity long range correlations even at very large intervals of rapidity [24] [36] [37] , ridge structure and sizable elliptic flow.
Conclusions.
In the framework of clustering of color sources, the elliptic flow, v 2 , and the dependence of the nuclear modified factor on the azimuthal angle have been evaluated.
The comparison with RHIC experimental data shows a reasonable agreement. We predict a larger v 2 at LHC energies for p T > 1 GeV/c. In the case of pions we obtain also a larger value for p T < 1 GeV/c, contrary to the case of kaons and antiprotons. We reproduce the observed scaling of the elliptic flow normalized to the eccentricity on the ratio dN dy
S
, showing the scaling on the partonic density.
We predict a sizable elliptic flow in proton-proton collisions as, it was observed at RHIC for nucleus-nucleus collisions, consequence of the high partonic density reached at LHC energy. The main ingredient of the model is the interaction among the many degrees of freedom of the strings or equivalently among the partons of projectile and target located at the end of each string.
The reasonable agreement obtained in our model with the experimental data confirms the common belief that the elliptic flow reveals a strongly in- teracting partonic medium created in the first stage of the collision. The partonic interactions are naturally included in our model by means of the interactions among strings forming clusters.
